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Progress to date joint with J. Shirk, ONR
1/1/01 — 5/31/01

We have made considerable progress in fabricating and characterizing nonlinear
nanolayered optical materials since the initiation of funding. The initial stages, a proof of
principle demonstration of the nanolayered materials, is summarized here.

A series of nano-layered nonlinear materials were fabricated both with and
without nonlinear dyes in alternate layers. Nanolayered films were fabricated using
styrene-acrylonitrile copolymers (SAN), polycarbonate (PC), and
polymethylmethacrylate (PMMA) as hosts. A nonlinear dye developed at NRL,
PbPc(CP)*, and nigrosine were used as the nonlinear dyes. In the initial experiments,
SAN was used as a host because a wide range of copolymers is available, each with a
slightly different refractive index. This made it easier to control the index modulation in
the multilayer polymers.

The presence of nanometer scale layers in the materials we prepared were
demonstrated by AFM measurements and by optical characterization. A nanolayered

sample with a small index difference between the layers had transmission and reflection

properties consistent with a multilayer dielectric reflector. o A'

Figure 1 shows the spectrum of the reflected light from a :‘57 A

4096 layer sample with an average layer thickness of 87 %’ | l\ﬂw\"\/\_
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Figure 1. The spectrum of the light
reflected from nanolavered styrene-

800

acrylo-nitrile materials with an average
layer thickness of (A) 87 nm and (B) 31
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reflectivity in this region. The band gap for the 31 nm film is at 197 nm, so the latter
sample shows only the unusual Fresnel reflection near 500 nm. The thickness of the
individual layers was measured by atomic force microscopy (AFM) and a distribution of
thickness was found. The layer thickness distribution derived from the AFM
measurements is consistent with the width of the observed reflection spectrum in Figure
1.

Nonlinear transmission and reflectivity was demonstrated in several nanolayered
polymeric materials fabricated by dissolving either lead tetrakis(cumylphenoxy)-
phthalocyanine (pbPc(CP)4) or nigrosine into alternate layers of either a SAN or a

polycarbonate structure. PbPc(CP)4 is known to have a very strong nonlinear absorption

and refraction coefficient. The nigrosine has a broad absorption in the visible and an.

excited state was reported to relax rapidly with the conversion of the absorbed energy
into heat. The resulting rise in temperature causes a change in the refractive index. The
transmission as a function of incident fluence for a multilayer sample of a polycarbonate
with nigrosine showed a drop and then a rise. In these samples, the refractive index, n,,
of the dyed layers is initially larger than that of the undyed layer. The change in index
with fluence of the nigrosine layers is negative so that the transmission decreases until the
index is matched, and then it rises as the index difference increases.

The response time of the reflectivity was measured by studying the reflectivity as
a function of time after a 1.2 picosecond pump pulse was incident on the sample. One

multilayer sample consisted of alternate layers of an undoped polycarbonate and the same
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polymer with PbPc(CP)s. The film has 4096 layers and an average layer thickness of 87
nm. The reflectivity of this multilayer at 590 nm as a function of time after an 800
femtosecond (FWHM) pump laser is incident on the layered sample is shown in Figure 2.
The reflectivity increases with intensity. The response time was essentially within the

laser pulse width.
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Figure 2. The Reflectivity of a sample with
4096 layers. Layers of pure polycarbonate
alternated with layers containing the
nonlinear dye PbPc.

In the case of samples dyes with nigrosine, where we presume the nonlinear
response is predominately thermal change in the real part of the refractive index, a delay
of a few hundred picosecon‘ds before the reflectivity change was observed. We presume
this is because the thermal response is slower that the electronic changes in the refractive
index in the PbPc(CP)4 dyed sample. The dynamics of the generation of the reflectivity

in this case is being investigated theoretically.



